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DRY TAPE BATTERY PROGRAM 

I .  INTRODUCTION 
- 

T h i s  r e p o r t  c o n t a i n s  b r i e f  background i n f o r m a t i o n  on a new 

concept  i n  b a t t e r y  systems u t i l i z i n g  a d r y  t a p e  con t inuous  feed of 

a c t i v e  components. Inc luded  i s  t h e  concept  i t s e l f ,  i n h e r e n t  a d -  

van tages ,  accomplishments t o  da te  a long  w i t h  some s p e c i f i c  data ,  and 

c o n s i d e r a t i o n s  on b o t h  f u t u r e  p l a n s  and p o s s i b l e  a p p l i c a t i o n s .  It 

i s  hoped t h a t  s u f f i c i e n t  in format ion  i s  p resen ted ,  b o t h  t o  pe rmi t  a n  

unde r s t and ing  of  t h e  system and i t s  c a p a b i l i t i e s  and t o  p r o v i d e  s t i m u l u s  

f o r  a c t i v e  c o n s i d e r a t i o n  of i t s  fa r  r e a c h i n g  p o t e n t i a l  t h rough  many 

p o s s i b l e  v a r i a t i o n s .  

11. DRY TAPE CONCEPT 

The major  d i s t i n c t i o n  between pr imary  ba t t e r i e s  and f u e l  c e l l s  

i s  a matter of system i n v a r i a n c e .  A primary c e l l  i s  comple te ly  s e l f -  

con ta ined ;  d u r i n g  o p e r a t i o n ,  f u e l  and d e p o l a r i z e r  a r e  dep le t ed  w h i l e  

waste r e a c t i o n  p r o d u c t s  accumula te .  I n  a f u e l  c e l l ,  w e  a t tempt  t o  

p r o v i d e  a more n e a r l y  i n v a r i a n t  system by con t inuous ly  f e e d i n g  r e a c t a n t s  

and withdrawing p r o d u c t s .  While t h i s  a l lows  u s  t o  m a i n t a i n  a more 

n e a r l y  c o n s t a n t  system, i t  i s  s t i l l  n o t  completely i n v a r i a n t  s i n c e  

s e p a r a t o r s  degrade,  c a t a l y s t s  become poisoned  and e l e c t r o d e s  can  f l o o d .  

Furthermore,  mass t r a n s p o r t  o r  d i f f u s i o n a l  p r o c e s s e s  o f t e n  l i m i t  the  

o p e r a t i o n  of  b o t h  ba t t e r i e s  and f u e l  c e l l s ,  a l t hough  g e n e r a l l y  t h i s  

problem i s  more s e v e r e  w i t h  b a t t e r i e s  t h a n  i t  i s  w i t h  f u e l  c e l l s .  

1 



The d r y  t a p e  concept  i s  designed t o  minimize, i f  n o t  e l i m i n a t e ,  

some of these common f a i l i n g s  of both ba t t e r i e s  and f u e l  c e l l s .  The 

end r e s u l t  i s  a s t e p  towards more complete system i n v a r i a n c e  by 

f e e d i n g  n o t  on ly  t h e  f u e l  and oxidant  b u t  a l s o  t h e  s e p a r a t o r ,  e l e c -  

t r o d e s ,  c a t a l y s t  a n d  e l e c t r o l y t e .  

F i g u r e  1 shows a schemat ic  r e p r e s e n t a t i o n  of the  d r y  t a p e  concept  

i n  i t s  s i m p l e s t  form. Seen on the  r i g h t  i s  a spoo l  of  e i t h e r  a n  i o n  

exchange membrane o r  a porous s e p a r a t o r  t a p e .  

i s  a f i l m  c o a t i n g  c o n t a i n i n g  t h e  f u e l  while  on t h e  o t h e r  s ide ,  t h e  

ox idan t  i s  s i m i l a r l y  c o a t e d .  The e l e c t r o l y t e  i s  e n c a p s u l a t e d  and 

a p p l i e d  w i t h  e i t h e r  o r  b o t h  c o a t i n g s .  The c r u s h i n g  rolls s e r v e  t o  re- 

lease t h e  e l e c t r o l y t e  l o c a l l y  s o  t h a t  t h e  e l e c t r o c h e m i c a l  r e a c t i o n  can  

take p l a c e  whi le  t he  t a p e  is  i n  c o n t a c t  w i t h  t he  c u r r e n t  c o l l e c t o r s .  

These c u r r e n t  c o l l e c t o r s  a r e  used t o  b r i n g  t h e  c u r r e n t  d e n s i t y  down t o  

r e a s o n a b l e  l e v e l s  a t  high c u r r e n t  d r a i n  r a t e s .  I n  systems des igned  

f o r  o p e r a t i o n  a t  low d r a i n  r a t e s ,  i t  would be p o s s i b l e  t o  have t h e  

c r u s h i n g  r o l l s  a l s o  a c t  as t h e  c u r r e n t  c o l l e c t o r s .  After r e a c t i o n ,  

t h e  s p e n t  t a p e  i s  wound on a take-up spoo l  f o r  e v e n t u a l  d i s p o s a l .  

On one s i d e  of  t h i s  t a p e  

Many m o d i f i c a t i o n s  of t h e  mechanical p o r t i o n  of the  system may 

be env i s ioned ,  b u t  t h i s  p i c t u r e  s e r v e s  t o  i l l u s t r a t e  t h e  b a s i c  

p r i n c i p l e  of the  concep t .  

The h e a r t  of t h e  system i s  t h e  coa ted  t a p e .  F i g .  2 shows a 

c r o s s - s e c t i o n a l  view o f  a t a p e  based on the  magnesium - meta - d i n i t r o -  

benzene c o u p l e .  The c e n t e r  shaded s e c t i o n  can be e i t h e r  a n  i o n  exchange 

membrane o r  a porous s e p a r a t o r  t a p e .  T h i s  would s e r v e  t h e  normal 

f u n c t i o n s  of a s e p a r a t o r  and a l s o  provide  t h e  mounting base f o r  t h e  

f u e l  and o x i d a n t .  

2 
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I n  t h i s  t a p e  c o n f i g u r a t i o n ,  t h e  magnesium f u e l  i s  a p p l i e d  as  a 

t h i n  f o i l  i n  a s t o i c h i o m e t r i c  amount. The u n d e r s i d e  of t h e  t a p e  i s  

c o a t e d  w i t h  t he  oxidant ,  which i n  t h i s  c a s e  i s  meta-d in i t robenzene ,  

I 

I I 

I 
l 
I and micro-encapsula ted  e l e c t r o l y t e .  Both t he  e l e c t r o l y t e  mic rocapsu le s  

l and t h e  d i n i t r o b e n z e n e  a r e  a p p l i e d  t o  t h e  t a p e  as  f i n e  powders imbedded 

i n  a t h i n ,  water s o l u b l e  polymer f i l m  f o r  p r o t e c t i o n  from t h e  atmos- 

I p h e r e .  Such a f i l m  c a n  be made from p o l y v i n y l  a l c o h o l ,  p o l y v i n y l  

p y r r o l i d o n e ,  o r  g e l a t i n  t y p e  m a t e r i a l s .  The t o t a l  t h i c k n e s s  of t h e  

c o a t e d  t a p e  would be 5 t o  10 m i l s .  
1 

The e l e c t r o l y t e  con ta ined  i n  the  micro-capsules  i s  comple te ly  

i s o l a t e d  from t h e  o t h e r  e l e c t r o c h e m i c a l  components. A s  t h e  t a p e  is  

f e d  through t h e  c r u s h i n g  rolls, t h e s e  micro-capsules  a r e  broken open 

and t h e  e l e c t r o l y t e  i s  released l o c a l l y  j u s t  b e f o r e  t h e  t a p e  e n t e r s  

t h e  c u r r e n t  c o l l e c t o r s .  

Although t h e  e l e c t r o l y t e  containment shown i n  F i g .  2 i s  by micro-  

c a p s u l e s ,  o t h e r  e n c a p s u l a t i n g  methods ,  such  a s  macro-capsules ,  a r e  

a l s o  p o s s i b l e .  I n  t h e  l a t t e r  ca se ,  a system i s  env i s ioned  whereby a 

ser ies  of  pods a r e  a t t a c h e d  t o  the  edge of t h e  t a p e  a t  prede termined  

i n t e r v a l s .  The p e r i o d i c  c r u s h i n g  of t h e s e  pods would r e l e a s e  t he  

n e c e s s a r y  e l e c t r o l y t e .  For c e r t a i n  mis s ions ,  a t h i r d  p o s s i b i l i t y  i s  

s e e n  where i t  may be b e t t e r  f o r  t h e  e l e c t r o l y t e  t o  be s t o r e d  i n  a 

separate c o n t a i n e r  and f e d  t o  t h e  t ape  by a pumping sys tem.  I n  a l l  

p r o b a b i l i t y ,  t h e  t y p e  of e l e c t r o l y t e  containment  w i l l  be  d i c t a t e d  by 

t h e  o v e r a l l  mi s s ion  r equ i r emen t s .  

5 
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111. TAPE SYSTEM ADVANTAGES 

From t h e  fo rego ing ,  i t  shou be a p p r e c i a t e d  t h a t  t h  d r y  t Pe  

concept  i s  a hybr id  f u e l  c e l l  and b a t t e r y .  The f u e l  c e l l  peop le  may 

n o t  t h i n k  i t  a f u e l  c e l l ,  and t h e  b a t t e r y  peop le  might n o t  c o n s i d e r  

i t  a b a t t e r y  b u t  by whatever  name i t  i s  a n  e l e c t r o c h e m i c a l  energy 

conve r s ion  system w i t h  a t t r a c t i v e  advantages .  

Foremost of  t h e s e  i s  a tremendous g a i n  i n  energy d e n s i t y  (wa t t -hour s /  

pound) .  The s t a t i o n a r y  c u r r e n t  c o l l e c t i o n  system which i s  c a p a b l e  o f  

h a n d l i n g  a n  i n f i n i t e  l e n g t h  of t a p e  e l e c t r o d e  e l i m i n a t e s  t h e  need f o r  

any heavy e l e c t r o d e  g r i d  s t r u c t u r e  u s u a l l y  found i n  h igh- ra te  b a t t e r i e s .  

By t h e  same token,  wafer  t h i n  e l e c t r o d e s  may b e  used w i t h  good vo lumet r i c  

e f f i c i e n c y  the reby  p e r m i t t i n g  h i g h l y  e f f i c i e n t  u s e  o f  e l e c t r o d e  a c t i v e  

m a t e r i a l s .  T h i s ,  coupled w i t h  t he  system's n a t u r a l  r e s e r v e  c a p a b i l i t y ,  

p e r m i t s  e f f e c t i v e  u t i l i z a t i o n  of unusual ,  h i g h  energy d e n s i t y  c o u p l e s .  

A comparison w i t h  some e x i s t i n g  systems i s  shown i n  Table  1. 

A d d i t i o n a l  advantages  over  conven t iona l  b a t t e r i e s  become a p p a r e n t  

from t h e  p r e c e d i n g  d i s c u s s i o n  of t h e  b a s i c  t a p e  concep t s  and s e v e r a l  

o f  t h e s e  a re  l i s t e d  i n  Table  2 .  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  

p o s s i b i l i t y  of s t a r t / s t o p  o p e r a t i o n  w h i l e  s t i l l  m a i n t a i n i n g  the  unused 

t a p e  i n  a t r u l y  r e s e r v e " ,  i n f i n i t e l y  s t o r a b l e  c o n d i t i o n .  I n h e r e n t  

w i t h i n  t h e  t a p e  system, a l s o ,  i s  t h e  e l i m i n a t i o n  o f  s e p a r a t o r  s h o r t i n g  

and maintenance of low i n t e r n a l  r e s i s t a n c e  and s t e a d y  o u t p u t  v o l t a g e ,  

problems common t o  s t a n d a r d  h i g h - r a t e  b a t t e r i e s .  

11  
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IV. DETAILED PROGRAM 

I n  June  of 1963, NASA l e t  a c o n t r a c t  t o  Monsanto Research Corpora- 

t i o n  f o r  t h e  development and f e a s i b i l i t y  proof  of t he  d ry  t a p e  b a t t e r y  

c o n c e p t .  T h i s  was a s i x  month e f f o r t  broken down i n t o  two major 

p h a s e s .  

I n  t h e  f i r s t  phase methods o f  c o a t i n g  porous  t a p e s  w i t h  ca thode  

materials were i n v e s t i g a t e d .  These coa ted  t a p e s  were t h e n  e v a l u a t e d  

i n  a f l e x i b l e  l a b o r a t o r y  dev ice  t h a t  cou ld  t e s t  t a p e s  of v a r i o u s  c o n f i g -  

u r a t i o n s  and methods of e l e c t r o l y t e  a c t i v a t i o n .  With t h i s  dev ice  t h e  

o p e r a t i n g  parameters  of coa ted  t a p e s  were e s t ab l i shed  s o  t h a t  a bread- 

board demons t r a t ion  d e v i c e  cou ld  be des igned  and b u i l t .  During t h e  

second phase  these  d e v i c e s  were b u i l t  and a q u a n t i t y  o f  coa ted  t a p e  t o  

be used i n  them was produced.  

The major  o b j e c t  of t h i s  work was t o  demonst ra te  t h e  f e a s i b i l i t y  

of f e e d i n g  a coa ted  tape t o  a s e t  of c u r r e n t  c o l l e c t o r s  and withdrawing 

e l e c t r i c a l  ene rgy .  

A .  Design Basis 

S i n c e  t h i s  was t o  be a s i x  month program, i t  was dec ided  t o  use  

t h e  f o l l o w i n g  d e s i g n  basis .  

1. S i l v e r  pe rox ide  would b e  used as a ca thode  mater ia l .  T h i s  

would a l low d i r e c t  comparison w i t h  the performance of known 

b a t t e r y  sys tems.  

2 .  Rather t h a n  a t t a c h  a meta l  anode f o i l  on the  o p p o s i t e  s i d e  

of  t h e  t ape ,  t h e  t a p e  w i t h  ca thode  m a t e r i a l  on one s i d e  

was passed  over  a z i n c  block which a c t e d  b o t h  as  anode and 

c u r r e n t  c o l l e c t o r .  
9 



i 
! 
i 
1 

I 

I 
I 

I 
I 
I 

t 
I 
I 

I 
t 
I 
I 

I I 

I 

I 
I 

I 
I 
I 
I 

3 .  F o r  t h e  purposes  of t h i s  s tudy methods of micro  o r  macro- 

e n c a p s u l a t i o n  of  e l e c t r o l y t e s  would n o t  be i n v e s t i g a t e d .  

I n s t e a d ,  mechanical  means f o r  supp ly ing  t h e  e l e c t r o l y t e  t o  

t h e  t a p e  would be  inco rpora t ed .  

4 .  The demonst ra t ion  u n i t s  t o  be  d e l i v e r e d  t o  NASA would be  

des igned  t o  use  o f f - t h e - s h e l f  components i n s o f a r  a s  p o s s i b l e .  

No e f f o r t  a t  minimizing system weight  o r  volume would be made 

a t  t h i s  t ime .  

B .  Tape Development 

P roduc t ion  of a s u i t a b l e  coa ted  t a p e  invo lved  s e l e c t i o n  of a base 

material ,  b inde r ,  and c o a t i n g  method f o r  a p p l y i n g  s i l v e r  pe rox ide  t o  t h e  

base  m a t e r i a l  i n  a form s u i t a b l e  f o r  d i s c h a r g e .  

1. Tape Base M a t e r i a l s  

Tab le  3 shows some of t h e  base t a p e  m a t e r i a l s  i n v e s t i g a t e d  i n  t h i s  

work. It was n o t  i n t ended  t o  make an e x h a u s t i v e  s tudy  t o  s e l e c t  t h e  

bes t  base mater ia l ,  b u t  r a t h e r  t o  f i n d  as q u i c k l y  a s  p o s s i b l e  a sa t i s -  

f a c t o r y  t a p e  which cou ld  be  u s e d  i n  t he  demonst ra t ion  d e v i c e s .  Each o f  

t h e  t a p e s  l i s t e d  had c e r t a i n  advantages and c e r t a i n  drawbacks.  The 

bes t  s e l e c t i o n  appeared  t o  be t h e  non-woven po lypropy lene .  T h i s  mater- 

i a l  p rovided  good wet-out  c h a r a c t e r i s t i c s ,  adequa te  s t r e n g t h  and al lowed 

uniform c o a t i n g s  of the  ca thode  m a t e r i a l .  

2 .  Tape Coat inq  

T a b l e  4 shows some of  t h e  b inde r  mater ia ls  i n v e s t i g a t e d  f o r  a t t a c h -  

i n g  the  s i l v e r  pe rox ide  t o  t h e  t a p e .  P o l y v i n y l  a l c o h o l  was s e l e c t e d  as 
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t h e  b i n d e r  f o r  u se  i n  t h e  dev ices  inasmuch a s  i t  gave s a t i s f a c t o r y  

o p e r a t i o n  and al lowed f r e e z i n g  t h e  des ign  of t h e  breadboard  models 

a t  e a r l y  d a t e .  

e x h a u s t i v e  s t u d i e s  of b o t h  base  t a p e s  and b i n d e r  composi t ions  are 

p l anned .  

I n  f u t u r e  work w i t h  o t h e r  ca thode  materials more 

The c o a t i n g  mixture  was made by d i s p e r s i n g  t h e  s i l v e r  pe rox ide  

u l t r a s o n i c a l l y  i n  water and adding  an aqueous s o l u t i o n  of p o l y v i n y l  

a l c o h o l .  The r e s u l t i n g  s l u r r y  was then  a p p l i e d  t o  t he  base  t a p e  i n  known 

t h i c k n e s s  by t h e  use of a Gardener Kn i fe .  Gene ra l ly ,  t he  l o a d i n g  of 

t h e  s i l v e r  pe rox ide  i n  t h e  dry  polymeric b inde r  was i n  t h e  o r d e r  of 90%. 

Higher l o a d i n g s  y i e l d e d  poor ly  adhe ren t  c o a t i n g s ,  wh i l e  lower load ings  

g e n e r a l l y  r e s u l t e d  i n  poor  wet-out  and h igh  r e s i s t i v i t i e s .  

3 .  Coat ing  Ana lys i s  

A summary of p e r  c e n t  ca thode  a c t i v e  material  (Ag202) ana lyzed  

i n  t h e  tape c o a t i n g  as compared t o  t h a t  i n  t h e  o r i g i n a l  s l u r r y  ( d r y  

bas i s )  i s  shown i n  T a b l e  5 .  The r easons  f o r  the  sma l l  peroxide  l o s s  

s t i l l  o c c u r r i n g  between s l u r r y  make-up and c o a t i n g  a n a l y s i s  a re  not  

f u l l y  known a l t h o u g h  a s l i g h t  o x i d a t i o n  o f  the  b inde r  m a t e r i a l s  a p p e a r s  

l i k e l y .  Neve r the l e s s ,  a l l  e f f i c i e n c y  c a l c u l a t i o n s  p r e s e n t e d  i n  t h i s  

r e p o r t  are  based upon t h e  as made-up v a l u e  r a t h e r  t h a n  the  measured 

p e r c e n t a g e ,  making t h e  r e s u l t s  conse rva t ive ,  ra ther  t h a n  o p t i m i s t i c .  

F i g u r e  3 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between c o a t i n g  weight  and 

t h i c k n e s s  u s i n g  p o l y v i n y l  a l c o h o l  b inde r s  and Nylon @ base  t a p e s .  

v e r t i c a l  r i g h t  hand s c a l e  i s  t h e  e q u i v a l e n t  of t h e  c o a t i n g  weight  i n  

W a t t  hou r s  p e r  s q u a r e  i n c h  of t a p e .  A s  can  be seen  from t h i s  p l o t ,  

The 
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an  energy d e n s i t y  of 0.072 watt-hours  p e r  squa re  i n c h  i s  ob ta ined  w i t h  

a c o a t i n g  t h i c k n e s s  of on ly  6 m i l s .  

of c o a t i n g  t h i c k n e s s  and we igh t s  used i n  t h e  f e a s i b i l i t y  s t u d y .  

Inc luded  i n  t h e  g raph  i s  t h e  r a n g e  

Shown i n  F i g u r e  4 i s  a s imi l a r  p l o t  where Dyne1 @ a n d  polypropylene  

non-woven m a t e r i a l s  were u s e d  as the  base  t a p e s .  

C .  Labora tory  T e s t  Device 

F i g u r e s  5 and 6 show t h e  l a b o r a t o r y  t e s t  d e v i c e  c o n s t r u c t e d  t o  

e v a l u a t e  coa ted  t a p e s .  The fo l lowing  key i s  a p p l i c a b l e  t o  bo th  photo-  

g raphs  for 

1. 

2 .  

3.  

4. 

5. 
6. 

7 .  

8 .  
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11. 

12 e 

13 
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dua l - t ape  o p e r a t i o n :  

Dry t ape ,  Ag202 coa ted  

Curren t  c o l l e c t o r s  

'Take-up r e e i  

Take-up d r i v e  motor 

E l e c t r o l y t e  wicking  pad 

E l e c t r o l y t e  pump (micrometer s y r i n g e )  

Zero-Max pump d r i v e  ( v a r i a b l e  speed)  

Take-up speed c o n t r o l  

Load box, 1 ohm s t e p s  

D u a l  pen  r e c o r d e r  

50 mV c u r r e n t  shun t  

Tape d r i v e  and to rque  meter 

S e p a r a t o r  t a p e ,  wet 

Tape g u i d e  t o  ca thode  c u r r e n t  c o l l e c t o r  

Wetted t a p e  

Discharged t a p e  

Contac t  rolls 

Cathode c u r r e n t  c o l l e c t o r  p o s i t i o n i n g  screws 

16 
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LABORATORY TAPE DYNAMIC TEST DEVICE 

FIGURE 5 
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TAPE SECTION OF DYNAMIC TEST DEVICE - 
DUAL TAPE OPERATION 

FIGURE 6 
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I 

I n  o p e r a t i o n ,  t he  s e p a r a t o r  t ape  i s  w e t t e d  w i t h  t h e  e l e c t r o l y t e  

s u p p l i e d  f r o m  t h e  micrometer feed s y r i n g e  j u s t  p r i o r  t o  i t s  c o n t a c t i n g  

t h e  coa ted  t a p e .  The two t a p e s  i n  c o n t a c t  t h e n  e n t e r  t h e  c u r r e n t  

c o l l e c t o r s .  The s p e n t  t a p e  i s  wound on the  take-up  spoo l  where t h e  

cage t o r q u e - m e t e r  measures t h e  r e q u i r e d  p u l l i n g  f o r c e .  A v a r i a b l e  

speed motor and a s t a n d a r d  g e a r  r educe r  d r i v e s  t h e  take-up  r e e l .  

The load  box f o r  t h e  t a p e  is  seen  on t h e  upper  s h e l f .  To the  l e f t  of  

t h i s  i s  a d u a l  pen r e c o r d e r  f o r  fo l lowing  t h e  c u r r e n t  and v o l t a g e  o u t p u t s .  

The e n l a r g e d  view of t h e  t a p e  s e c t i o n  of t h e  l a b o r a t o r y  t e s t  

d e v i c e  ( F i g .  6 )  shows more c l e a r l y  the  c o n t a c t  of t h e  wet s e p a r a t o r  

t a p e  w i t h  t h e  coa ted  t a p e .  

wicking  pad which i s  s u p p l i e d  by t h e  s y r i n g e  f eed .  The c u r r e n t  c o l l e c t o r ,  

shown i n  t he  c e n t e r  p o r t i o n  o f  t h e  p i c t u r e ,  c o n s i s t s  of bo th  upper  and 

lower s e c t i o n s .  The upper  c o l l e c t o r  i s  a s i l v e r  b lock  which c o n t a c t s  

t he  s i l v e r  pe rox ide  coa ted  t a p e  whi le  below i s  a z i n c  b lock  which a l s o  

s e r v e s  a s  t h e  anode .  

The s e p a r a t o r  i s  wet w i t h  e l e c t r o l y t e  a t  a 

The e f f i c i e n c y  of t he  c a t h o d i c  r e d u c t i o n  i s  p l a i n l y  v i s i b l e  i n  

t h i s  photograph .  The lower s e c t i o n  o f  t h e  t a p e ,  t h a t  c l o s e s t  t o  t h e  

bottom i n  t h e  p i c t u r e ,  i s  b l a c k  and comple te ly  coa ted  w i t h  t h e  d i v a l e n t  

s i l v e r  o x i d e .  On t h e  o t h e r  hand, once t h e  tape has  passed t h e  c u r r e n t  

c o l l e c t o r s  i t  appea r s  l i gh te r  i n  c o l o r .  Ac tua l ly ,  i t  i s  a l i g h t  

creamy ye l low,  i n d i c a t i n g  a lmost  complete r e d u c t i o n  o f  d i v a l e n t  s i l v e r  

t o  s i l v e r  m e t a l .  The b l ack  specks  o r  s p o t s  on t h e  d i scha rged  p o r t i o n  

of t h e  t a p e  were a p p a r e n t l y  low s p o t s  i n  t h e  c o a t i n g  which d i d  n o t  

c o n t a c t  t h e  s i l v e r  c u r r e n t  c o l l e c t o r .  

t 
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D. Experimental  R e s u l t s  and Discuss ion  

1. T h e o r e t i c a l  Energy Dens i ty  of  t h e  S i l v e r  Peroxide-Zinc Couple 

To p rov ide  a b e t t e r  bas i s  f o r  comparison of ou r  r e s u l t s  t o  chose 

which can  be t h e o r e t i c a l l y  expec ted ,  t h e  b a s i c  e l e c t r o c h e m i c a l  c a l c u l a -  

t i o n s  f o r  t h e  z i n c / s i l v e r  p e r o x i d e  couple  a re  g i v e n  below. The r e a c t i o n  

chosen i s  t h a t  of d i v a l e n t  s i l v e r  oxide r e a c t i n g  w i t h  two moles of 

po tass ium hydroxide p l u s  two moles o f  z i n c  meta l . .  . t h i s  y i e l d i n g  two 

moles o f  potassium b i z i n c a t e  and t w o  moles o f  s i l v e r  m e t a l .  

The fo l lowing  e l e c t r o c h e m i c a l  e q u i v a l e n t s  are  used: 

Ag202 - 2 . 3  grams p e r  ampere hour:  Z inc  - 1.22  grams 

p e r  ampere hour  

Potassium hydroxide - 1 .04  grams p e r  ampere hour (30% 

KOH - 3.46 grams p e r  ampere hour ) ;  

(37% KOH - 2.81 grams pe r  ampere h o u r ) .  

Based  on t h e s e  f i g u r e s  w e  can  expect  t h e  maximum energy d e n s i t y  o f  

t h i s  coup le  t o  be: 

R e a c t a n t s  - 149 watt  hours  p e r  pound ( d r y  KOH) 

R e a c t a n t s  - (30% KOH) - 97 watt hours  p e r  pound 

R e a c t a n t s  - (37% KOH) - 107.5 watt hours  p e r  pound 

Data from a t a p e  t e s t  r u n  a r e  g iven  i n  T a b l e  6 .  The q u a n t i t y  of 

z i n c  consumed was n o t  determined expe r imen ta l ly  b u t  was assumed t o  be 

10% i n  e x c e s s  of t h a t  r e q u i r e d  t h e o r e t i c a l l y .  

r e q u i r e d  was a l s o  assumed t o  be 10% e x c e s s  a l t h o u g h  c o n s i d e r a b l y  more 

was a c t u a l l y  used  w i t h  t h e  p a r t i c u l a r  s e p a r a t o r  i n v o l v e d .  

The amount o f  e l e c t r o l y t e  

21 
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2 .  Summary of Tape T e s t  R e s u l t s  

A t a b u l a t i o n  of t he  r e s u l t s  ob ta ined  u s i n g  v a r i o u s  types  of base 

m a t e r i a l ,  tape speeds,  and c u r r e n t  d e n s i t i e s  i s  p r e s e n t e d  i n  T a b l e  7 .  

It should be remembered tha t  t h e  p e r  c e n t  ca thode  u t i l i z a t i o n  shown 

i n  t h i s  t a b u l a t i o n  i s  c a l c u l a t e d  f r o m  t h e  s i l v e r  pe rox ide  c o n t e n t  o f  

t h e  t a p e  a s  made up ra ther  t h a n  a s  ana lyzed .  

I n  t he  l a s t  two l i n e s ,  energy d e n s i t y  i n  watt  hour s  p e r  pound i s  

shown f o r  two c o n d i t i o n s ,  the  d r y  peroxide c o a t e d  t a p e  a lone ,  and f o r  t h e  

t a p e  system i n c l u d i n g  t h e  s e p a r a t o r  and 1.1 times t h e  t h e o r e t i c a l  amount 

of 37% KOH and z i n c .  

F igures  7 through 11 show some of  t he  data  c o r r e l a t i o n s  ob ta ined  

i n  t e s t i n g  t a p e s  of v a r i o u s  t y p e s .  I n  viewing these  f i g u r e s  i t  should  be 

kep t  i n  mind t h a t  ou r  o b j e c t i v e  i n  t h i s  6 month s tudy  was t o  produce 

a dev ice  which would demonstrate  t h e  f e a s i b i l i t y  of t h e  concep t ,  r a the r  

than  t o  perform a r e s e a r c h  and  development e f f o r t  t o  p e r f e c t i n g  i t .  

I n  many c a s e s ,  t h e  d a t a  ob ta ined  could no t  be c o r r e l a t e d  f r o m  r u n  t o  r u n .  

For example, i t  would be d e s i r a b l e  t o  know t h e  e f f e c t s  and i n t e r a c t i o n s  

of a l l  t h e  known v a r i a b l e s ;  however, i t  was u s u a l l y  necessa ry  t o  f r e e z e  

a parameter  such a s  t a p e  speed or coa t ing  t h i c k n e s s  j u s t  as  soon as a n  

o p e r a b l e  v a l u e  was found.  T h i s  allowed us  t o  proceed immediately w i t h  

t h e  des ign  of t he  f i n a l  breadboard u n i t s .  

The r e l a t i o n s h i p  between t h e  output  v o l t a g e  and c u r r e n t  d e n s i t y  

o b t a i n e d  from v a r i o u s  t a p e s  i s  shown i n  F i g u r e  7 .  The anode area v a r i e d  

from 0.328 squa re  inches  t o  0.985 square  inches ,  and i n  a l l  c a s e s ,  even 

though the  anode area was changed, the v o l t a g e - c u r r e n t  d e n s i t y  r e l a t i o n -  

s h i p  remains c o n s t a n t .  
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It should  a l s o  be noted t h a t  ou r  open c i r c u i t  v o l t a g e  i s  

approximate ly  1.6 t o  1.65 v o l t s ,  c o n s i d e r a b l y  below t h e  1.86 open 

c i r c u i t  p o t e n t i a l  of pr imary s i l v e r - z i n c  b a t t e r i e s .  T h i s  has r e c e n t l y  

been shown t o  be caused,  a t  l e a s t  i n  p a r t ,  by t h e  s i l v e r  c u r r e n t  

c o l l e c t o r ,  where r e a c t i o n  of d i v a l e n t  s i l v e r  ox ide  w i t h  m e t a l l i c  s i l v e r  

can  take p l a c e  t o  form t h e  lower p o t e n t i a l  monovalent o x i d e .  Sub- 

s t i t u t i o n  of an  i n e r t  ( g o l d - p l a t e d )  c o l l e c t o r  has  r e s u l t e d  i n  open 

c i r c u i t  v o l t a g e  more n e a r l y  t he  expected v a l u e .  A t  a c u r r e n t  d e n s i t y  

of 1 amp p e r  squa re  inch ,  the ou tpu t  v o l t a g e  i s  about  1 . 4  v o l t s ,  g i v i n g  

a v o l t a g e  d rop  due t o  i n t e r n a l  r e s i s t a n c e  o f  about  0 . 1  v o l t s .  

The u t i l i z a t i o n  of s i l v e r  peroxide  as a f u n c t i o n  of c u r r e n t  d e n s i t y  

i s  shown i n  F i g .  8 which r e p r e s e n t s  t he  more r e c e n t  r e s u l t s  o b t a i n e d .  

A t  a c u r r e n t  d e n s i t y  of 1 ampere p e r  s q u a r e  inch ,  a ca thode  u t i l i z a t i o n  

of 85% was ob ta ined ,  w i t h  t h i s  c a l c u l a t e d  on t h e  a s - c o a t e d  weight  of 

s i l v e r  p e r o x i d e ,  The most c r i t i c a l  r equ i r emen t s  f o r  o b t a i n i n g  h igh  

ca thode  u t i l i z a t i o n  appear  t o  be (1) a smooth c o a t i n g  w i t h  a minimum 

of b i n d e r  p r e s e n t  and ( 2 )  matching t a p e  speed t o  d r a i n  r a t e .  

The c u r r e n t  d e n s i t i e s  v s  t h e  t ape  speed i n  inches  p e r  minute  

f o r  v a r i o u s  tape bases and c o a t i n g  t h i c k n e s s e s  i s  shown i n  F i g u r e s  9 t o  

11. 

For  any c o a t i n g  t h i c k n e s s  and g iven  t a p e  speed there  i s  a t h e o r -  

e t i c a l  maximum c u r r e n t  which can be drawn f r o m  the  sys tem.  T h i s  i s  

shown by the  s t r a i g h t  l i n e  p o r t i o n  o f  t h e  p l o t s  and l a b e l e d  100% 

ca thode  u t i l i z a t i o n .  The a c t u a l  t e s t  r e s u l t s  are  shown by t h e  curved 

l i n e s .  The d e v i a t i o n  of t h e  curved l i n e  from t h e  100% u t i l i z a t i o n  l i n e  

g i v e s  a n  i n d i c a t i o n  of  t h e  c u r r e n t  e f f i c i e n c y  a t  any of t h e  t a p e  speeds  

shown. 
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The c u r r e n t  d e n s i t i e s  p l o t t e d  on t h e  v e r t i c a l  s c a l e s  a r e  t h e  

maximum ones which were o b t a i n e d  w i t h  a s t e a d y  v o l t a g e  o u t p u t .  

Two i n t e r e s t i n g  p o i n t s  a re  noted  i n  F i g u r e  11. F i r s t ,  on t h e  three 

t o  f o u r  m i l  c o a t i n g s  t h e  a c t u a l  exper imenta l  r e s u l t s  do no t  f a l l  o f f  as 

d r a s t i c a l l y  from the  100% u t i l i z a t i o n  l i n e  a s  they  d i d  i n  t h e  three  t o  

f o m  m i l  c o a t i n g  r e s u l t s  shown i n  F igu re  10. T h i s  i s  probably  due to a 

non-unfiromity i n  t h e  c o a t i n g  t echn ique .  

Secondly,  t he  cu rves  f o r  t h e  f i v e  t o  s i x  m i l  c o a t i n g s  show a 

d r a s t i c  l e v e l i n g  o f f  when compared t o  t h e  100% u t i l i z a t i o n  l i n e .  

e x p l a n a t i o n s  a re  p o s s i b l e .  

i n  t h e  c o a t i n g  t echn ique  o r  i t  could  mean t h a t  a l i m i t i n g  t h i c k n e s s  of 

c o a t i n g  was r eached  beyond which more a c t i v e  m a t e r i a l s  cou ld  n o t  be 

S e v e r a l  

T h i s  may a g a i n  be  due t o  a non-uniformity 

e f f i c i e n t l y  u t i l i z e d  a t  h igh  speeds .  

E .  Hardware Development 

S i n c e  t h i s  was a 6 month program aimed a t  producing  f o u r  demonstra- 

t i o n  breadboard  dev ices ,  i t  was necessary  t ha t  t h e  hardware development 

phase  be  c a r r i e d  on c o n c u r r e n t l y  w i t h  t h e  r e s e a r c h  i n v o l v i n g  t a p e  

f a b r i c a t i o n .  A s  a consequence of t h i s ,  i t  was necessa ry  t o  f r e e z e  t h e  

d e s i g n  of a workable  t a p e  c o n f i g u r a t i o n  a s  soon as  it  was developed,  

even though i t s  performance cou ld  be improved by f u r t h e r r e s e a r c h .  

One of t h e  r equ i r emen t s  of t h e  c o n t r a c t  was t h a t  t h e  demons t r a t ion  

u n i t s  be completely s e l f - c o n t a i n e d  and powered by a s p r i n g  wound motor .  

Because of the t ime  l i m i t a t i o n s ,  i t  was necessa ry  t o  use  as  many 

o f f - t h e - s h e l f  components as  p o s s i b l e .  There was n o t  t i m e  t o  d e s i g n  

and develop  a l l  of t h e  r e q u i r e d  components, p a r t i c u l a r l y  t h e  s p r i n g  

wound motor .  
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A s  one would expec t ,  a wide  v a r i e t y  of s p r i n g  motors was 

~ 

I 
a v a i l a b l e ,  a l l  of which were e i t h e r  ove r s i zed  o r  unde r s i zed  f o r  ou r  

pu rposes .  The motor c l o s e s t  t o  meeting requi rements  was found i n  a 

16 m i l l i m e t e r  movie camera. 

energy s t o r a g e ,  t h e  speed governing dev ice  i n  t h e  d r i v e  was such t ha t  

i t  could  n o t  be slowed down enough t o  g i v e  t h e  r e q u i r e d  t a p e  feed of 

approximately 1 i n c h  p e r  minute .  

I 

Although t h i s  u n i t  c o n t a i n e d  s u f f i c i e n t  

~ 

I 
It was t h e r e f o r e  necessa ry  t o  a t t a c h  

T h i s  l a c l o c k  escapement mechanism t o  t h e  governor  s h a f t  o f  t h e  motor .  

combinat ion p e r m i t s  o p e r a t i o n  f o r  144  minutes  on one winding.  

The t es t  s t a n d  f o r  checking out  t h e  proposed breadboard components 
l 

i s  shown i n  F i g .  12 .  The fo l lowing  key i s  a p p l i c a b l e :  

1. Spr ing  wound motor 

2 .  Escapement mechanism 

3. Sprocket  d r i v e  

4 .  Curren t  c o l l e c t o r s  
I 

S i n c e  e l e c t r o l y t e  encapsu la t ion  was n o t  t o  be i n v e s t i g a t e d  as  p a r t  

of t h i s  program a d u a l  t a p e  system was used i n  which t h e  s i l v e r  p e r -  

ox ide  c o a t e d  t a p e  i s  we t t ed  by ano the r  t a p e  s a t u r a t e d  w i t h  e l e c t r o l y t e .  

These t a p e s  a re  mounted on a p l a t e  c a l l e d  a tape deck .  

s e l f - c o n t a i n e d  except  f o r  t he  d r i v e  u n i t .  

b u i l t ,  any of which can be plugged i n t o  a d r i v e  u n i t  c o n t a i n i n g  the 

s p r i n g  wound motor .  A p l a n  view of  t h e  deck i s  shown i n  F i g .  13 w h i l e  

a composi te  s k e t c h  of deck and d r i v e  u n i t  i s  s e e n  i n  F i g .  1 4 .  

Each i s  comple te ly  

A t o t a l  of 20 such decks were 

I 
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V .  FUTURE PLANS 

A t  t h e  end o f  t h i s  6 month pe r iod  t h e  f e a s i b i l i t y  of  t h e  t a p e  

concept  has  been e s t a b l i s h e d  by con t inuous ly  f e e d i n g  a s i l v e r  pe rox ide  

c o a t e d  t a p e  and e l e c t r o l y t e  t o  a s e t  of  c u r r e n t  c o l l e c t o r s  and wi th-  

drawing e l e c t r i c a l  ene rgy .  The breadboard d e v i c e s  b u i l t  t o  do t h i s  a re  

n o t  f i n a l  systems;  t hey  are  simply demonst ra t ion  u n i t s .  The u s e  of t h e  

z i n c / s i l v e r  pe rox ide  couple  a g a i n  was a convenience.  It does n o t  

r e p r e s e n t  t he  u l t i m a t e  i n  h i g h  energy c o u p l e s .  

Accordingly,  f u t u r e  p l a n s  c a l l  f o r  cont inued  development of t h e  

system i n t o  a more a p p l i c a b l e  end device  as  wel l  a s  f u r t h e r  r e s e a r c h  

i n t o  e x o t i c  high energy couples  f o r  i n c o r p o r a t i o n  i n t o  t h e  e l e c t r o d e  

s t r u c t u r e .  B r i e f l y  s t a t e d ,  f u t u r e  work may be summarized as  fo l lows :  

1. Devise methods o f  i n c o r p o r a t i n g  h igh  energy anodes 

and ca thodes  i n t o  t a p e  sys tems.  

2 .  I n v e s t i g a t e  v a r i o u s  methods of  e n c a p s u l a t i n g  

e l e c t r o l y t e .  

3 .  Combine the  h ighes t  p o s s i b l e  energy couple  i n t o  t h e  

one t a p e  c o n f i g u r a t i o n .  

4 .  Design a t a p e  convers ion  dev ice  capab le  of supp ly ing  

i t s  own power f o r  una t tended  o p e r a t i o n .  

5 .  Work ou t  methods of supply ing  m u l t i p l e  c e l l  v o l t a g e s  

f o r  t h e  dry  t a p e  b a t t e r y .  

A .  High Energy Anodes and Cathodes 

Although most of t he  work t o  d a t e  has been w i t h  the  z i n c / s i l v e r  

p e r o x i d e  couple ,  t h e  next  e f f o r t s  w i l l  i nvo lve  t h e  use  of h igh  energy 

d e n s i t y  anodes and c a t h o d e s .  



One p a r t i c u l a r  example of a h igh  energy d e n s i t y  system i s  the  

magnesium meta -d in i t robenzene  coup le .  T h i s  seems t o  be a n  i d e a l l y  

s u i t e d  one, s i n c e  i n  a pr imary b a t t e r y  c o n f i g u r a t i o n  i t s  ou tpu t  i s  

l i m i t e d  by mass t r a n s p o r t  or d i f f u s i o n  r a t h e r  t han  thermodynamics. 

I n  p r e s e n t  pr imary b a t t e r y  usage, i t  i s  a high energy d e n s i t y  

couple ,  capab le  only  of low d r a i n  r a t e s .  Applying t h i s  coup le  t o  a 

t a p e  cou ld  c o n s i d e r a b l y  improve i t s  d r a i n  c a p a b i l i t i e s  s i n c e  t h e  

d i f f u s i o n a l  l i m i t a t i o n  is  overcome by mechanica l ly  f e e d i n g  t h e  r e a c t a n t s  

t o  t h e  r e a c t i o n  s i t e s .  

The magnesium/meta-dinitrobenzene coup le  has a t h e o r e t i c a l  energy 

d e n s i t y  of 766 watt  hours  p e r  pound of r e a c t a n t s ,  a f i g u r e  which i n c l u d e s  

t h e  8 moles of  water r e q u i r e d  i n  t h e  r e d u c t i o n  of each  mole of meta- 

d i n i t r o b e n z e n e .  

F i g u r e s  l 5 ( a )  and (b) show the  r e s u l t s  of a system a n a l y s i s  based 

on t h e  magnesium meta-d in i t robenzene  coup le  a p p l i e d  t o  t h e  tape.  

Shown on the  g raphs  i s  the  t o t a l  system weight  i n  ounces as  a 

f u n c t i o n  of mis s ion  t i m e  f o r  i n d i v i d u a l  p e r i o d s  of o p e r a t i o n  of 10, 100, 

1000, 10,000 hours ,  and  5 y e a r s .  F o r  each of t.hese b a r  g raphs  t h e  t a p e  

feed r a t e  i s  one i n c h  p e r  minute and the  c u r r e n t  ou tpu t  i s  5 amps f o r  

the  e n t i r e  m i s s i o n  t i m e .  I n  each  case  t h e  mechanical  components f o r  

the e n t i r e  system are s c a l e d  up v e r s i o n s  of t h o s e  used f o r  t h e  10 

hour  m i s s i o n .  

Cons ide r ing  t h e  10, 100, and 1000 hour  mis s ion  times [ F i g .  1 5 ( a ) ] ,  

i t  i s  s e e n  t h a t :  

1. The e l e c t r o l y t e  c a p s u l e  weight goes  from 22 t o  1 4  t o  7.5 

p e r  c e n t  of t he  t o t a l  weight .  
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The weight  o f  the  c a s e  goes from 19 t o  13 t o  13 p e r  c e n t  

of t h e  t o t a l  weight.  

The weight of  t h e  d r i v e  goes from 36 t o  15 t o  2 . 5  p e r  c e n t  

of t h e  t o t a l  weight.  

The r e e l s  are  c o n s t a n t  a t  3% f o r  t h e  10 hour and 100 hour 

l e v e l s  b u t  r i s e  t o  6 p e r  c e n t  of t h e  t o t a l  weight for t h e  

1000 hour m i s s i o n .  

The weight of t h e  e l e c t r o l y t e  r i s e s  from 6 t o  1’7 t o  22 

p e r  c e n t  of t h e  t o t a l  weight. Here i t  shou ld  be no ted  

t ha t  t h e  d o t t e d  l i n e  r e p r e s e n t s  t h e  d i v i d i n g  p o i n t  between 

t h e  water r e q u i r e d  f o r  the  r e a c t i o n  o f  meta-d in i t robenzene  

and t h a t  of  t h e  e l e c t r o l y t e .  It can be s e e n  t h a t  t h e  weight  

o f  t h e  water of r e a c t i o n  i s  l a r g e r  t h a n  t h a t  assumed for 

e l e c t r o l y t e .  T h i s  p r o p o r t i o n a l i t y  i s  a l s o  c a r r i e d  b u t  n o t  t o o  

c l e a r l y  s e e n  i n  the 10 and 100 hour m i s s i o n  t imes .  

The weight  of the coated t a p e  a s  a f r a c t i o n  of  t he  t o t a l  

system weight  r o s e  from 1 4  t o  38 t o  49 p e r  c e n t .  

For  the  t e n  hour miss ion  t h e  t o t a l  energy d e n s i t y  i s  c a l c u l a t e d  

t o  be 67 watt  hours  p e r  pound; f o r  t he  100 h o u r  m i s s i o n  185 w a t t  hours  

p e r  pound; f o r  t h e  1000 hour miss ion  235 watt  hours  p e r  pound. 

The same a n a l y s i s  i s  c a r r i e d  through i n  F i g .  1 5 ( b )  f o r  mis s ion  

times of  10,000 hours  and 5 y e a r s .  Here, t h e  p o i n t  of maximum r e t u r n  

has a p p a r e n t l y  been reached  s i n c e  the f r a c t i o n a l  weight  of  t h e  a c t i v e  

components do n o t  i n c r e a s e  and t h e r e  i s  only a co r re spond ing  token  r i s e  

i n  energy d e n s i t y .  



B .  Encapsu la t ion  

Three g e n e r a l  ways o f  e n c a p s u l a t i n g  t h e  e l e c t r o l y t e  are  v i s -  

u a l i z e d  whereby t h e  s y s t e m ' s  l i q u i d  p o r t i o n  i s  i s o l a t e d  from t h e  anode 

and ca thode  components. These a r e  i l l u s t r a t e d  and compared i n  F igu re  16. 

I n  t h e  upper  l e f t  hand c o r n e r  i s  a schemat ic  r e p r e s e n t a t i o n  of 

e l e c t r o l y t e  con ta ined  i n  micro-capsules  and embedded d i r e c t l y  i n  t h e  

ca thode  c o a t i n g .  These micro-capsules  can  be made as  small a s  5 microns 

i n  diameter w i t h  a w a l l  volume of only 5% o f  t h e  t o t a l  c a p s u l e  volume. 

The major  problem w i t h  micro e n c a p s u l a t i o n  i s  t h a t  t h e  water p e r m e a b i l i t y  

of t h e  c a p s u l e  wal l  i s  ve ry  high and a t  p r e s e n t  i t  i s  n o t  known whether 

i t  w i l l  be  p o s s i b l e  t o  ach ieve  a long she l f  l i f e .  Release o f  e l e c t r o l y t e  

i s  accomplished w i t h  smooth p r e s s u r e  r o l l e r s .  

A t  t h e  lower r i g h t  p o r t i o n  i s  a schemat ic  r e p r e s e n t a t i o n  of macro- 

e n c a p s u l a t e d  e l e c t r o l y t e  a s  a p p l i e d  t o  a coa ted  t a p e .  Here, e l e c t r o l y t e  

i s  c o n t a i n e d  i n  something s i m i l a r  t o  s ausage  l i n k s  l a i d  i n t o  t he  coa ted  

t a p e .  E l e c t r o l y t e  r e l e a s e  i s  caused by s p r o c k e t  t e e t h e d  r o l l e r s .  

A t h i r d  way of e n c a p s u l a t i n g  the  e l e c t r o l y t e  i s  t o  s t o r e  i t  i n  a 

comple te ly  s e p a r a t e  c o n t a i n e r  n o t  a t t a c h e d  t o  t h e  t a p e  a t  a l l .  A 

schemat ic  r e p r e s e n t a t i o n  of such a system i s  shown a t  t h e  upper r i g h t  

of F i g .  16.  I n  t h i s  system t h e  e l e c t r o l y t e  f o r  t h e  e n t i r e  t a p e  l e n g t h  

would be c o n t a i n e d  i n  a c o l l a p s i b l e  p l a s t i c  bag suppor t ed  i n  a r i g i d  

t u b e .  A mechanical  f e e d  would squeeze t h e  bag a t  a f i x e d  r a t e  ex- 

t r u d i n g  the  e l e c t r o l y t e  on t o  the  t a p e  f o r  a c t i v a t i o n .  

Superimposed on t h e  3 schematic drawings of F i g .  16 i s  a s u b -  

system a n a l y s i s  which shows t h e  v a r i a t . i o n  of t h e  c o n t a i n e r  weight w i t h  

t i m e  of o p e r a t i o n  i n  hours  f o r  each of t h e s e  methods of e n c a p s u l a t i o n .  
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I n  g e n e r a l ,  mic ro -encapsu la t ion  would always seem t o  o f f e r  a 

we igh t  advantage  over  macro-encapsulat ion,  and bo th  a r e  b e t t e r  t h a n  

t h e  d i s p e n s e r  for miss ion  t imes  below TOO h o u r s .  However, f o r  

mi s s ion  times greater  t h a n  TOO h o u r s  t h e  d i s p e n s e r  method o f f e r s  t he  

g r e a t e s t  weight  advantage under  the assumptions used i n  t h i s  a n a l y s i s .  

C .  P a r a s i t i c  Dr ive  

Other  work planned i n  t h e  n e x t  phase i n c l u d e s  t h e  development of 

a n  e l e c t r i c a l  p a r a s i t i c  d r i v e  t o  o p e r a t e  d i r e c t l y  f r o m  t h e  power o u t p u t  

of  t h e  t a p e .  T h i s  u n i t  w i l l  a l s o  have s t a r t - s t o p  c a p a b i l i t i e s .  

I n  o u r  work on t h e  s i l v e r / z i n c  system we have a c t u a l l y  measured 

t h e  power r e q u i r e d  t o  p u l l  t h e  tape whi le  i t  was d e l i v e r i n g  c u r r e n t .  

T h i s  power was approximate ly  5 m i l l i w a t t s  w h i l e  t h e  ou tpu t  of t h e  t a p e  

was 1.3 watts. Even w i t h  motor and d r i v e  i n e f f i c i e n c i e s ,  i t  i s  obvious 

t h a t  on a power basis  a l o n e  t h e  t a p e  can o p e r a t e  t h e  p a r a s i t i c  d r i v e  

w i t h o u t  s i g n i f i c a n t  power l o s s .  The problem i n  t h i s  n e x t  phase  of t h e  

work w i l l  be t o  d e s i g n  a l i g h t ,  m i l l i w a t t  power d r i v e  t o  o p e r a t e  

e f f i c i e n t l y  i n  these low power r anges .  

D .  M u l t i p l e  C e l l  Vol tage  

D e s p i t e  terminology,  a l l  prev ious  d i s c u s s i o n  has  d e a l t  w i t h  u n i t  

c e l l s  r a t h e r  t h a n  m u l t i p l e  v o l t a g e s  o r  b a t t e r y  power packages .  Work 

i n  t h i s  a r e a  i s  p lanned  d u r i n g  t h e  nex t  p h a s e ,  There a r e  t h ree  g e n e r a l  

ways of p r o v i d i n g  f o r  a system w i t h  h i g h e r  v o l t a g e s .  

43 



The f i r s t  employs a v o l t a g e  conversion dev ice  e x t e r n a l  t o  t h e  

e l e c t r o - c h e m i c a l  system. While t h i s  method remains a d i s t i n c t  

p o s s i b i l i t y ,  i t  i s  f e l t  t h a t  t h e  necessary  high conve r s ion  e f f i c i e n c y  

of  such  a dev ice  would r e q u i r e  i t  t o  be des igned  around a cons tan t  

l o a d .  It would presumably be operable  under a v a r y i n g  load ,  b u t  the 

e f f i c i e n c y  would s u f f e r .  

The second method of o b t a i n i n g  h ighe r  v o l t a g e s  would be t o  u s e  

While t h i s  method o f f e r s  unique ad-  b i - p o l a r  o r  duplex e l e c t r o d e s .  

van tages ,  i t s  major a p p l i c a t i o n  appears  t o  be f o r  low c u r r e n t  d e v i c e s  

s i n c e  any dup lex ing  of t a p e s  would of n e c e s s i t y  i n c r e a s e  t h e  t a p e  

t h i c k n e s s  and dec rease  i t s  f l e x i b i l i t y  t o  such  a n  e x t e n t  t h a t  o p e r a t i o n  

between t h e  c u r r e n t  c o l l e c t o r s  might s u f f e r .  For  example, f o r  a b i - p o l a r  

t a p e  system o p e r a t i n g  a t  5 amperes and 28 v o l t s ,  t h e  t a p e  t h i c k n e s s  would 

be approximate ly  1 /4" .  T h i s  would be a r a the r  i n f l e x i b l e  t a p e .  However, 

t h e r e  i s  the p o s s i b i l i t y  of s t o r i n g  i n d i v i d u a l  tapes on s e p a r a t e  r e e l s  

and dup lex ing  them j u s t  b e f o r e  t h e y  e n t e r  t h e  c u r r e n t  c o l l e c t o r s .  

The t h i r d  method of p r o v i d i n g  m u l t i p l e  c e l l  v o l t a g e s  i s  perhaps  t h e  

most obvious  one, t h a t  of s e r i e s  connec t ing  i n d i v i d u a l  t a p e  deck 

modules.  A schemat ic  drawing of  a s i n g l e  module i s  seen  i n  F i g .  17 

w h i l e  a ' + - c e l l  s t a c k  i s  shown i n  F i g .  18. Each s t a c k  of c e l l s  would be 

powered by a p a r a s i t i c  e l e c t r i c a l  d r i v e  mounted on t h e  end p l a t e  of t h e  

s t a c k .  I n  t h e  nex t  phase  of  t h e  development work on the  t a p e  concept  

t h i s  s t a c k i n g  p r i n c i p l e  w i l l  be  used f o r  p rov id ing  m u l t i p l e  c e l l  

v o l t a g e s .  
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V I .  SYSTEM APPLICATIONS 

The f o r e g o i n g  in fo rma t ion  has been concerned w i t h  t ape  system 

concep t s ,  t h e  accomplishments t o  da t e ,  and o b j e c t i v e s  f o r  f u t u r e  

work. Discussed  b r i e f l y  below a r e  p o s s i b l e  a p p l i c a t i o n s  where dry  t a p e  

b a t t e r i e s  o f f e r  some advantages  over  e x i s t i n g  sys t ems .  

A .  High Energy Dens i ty  Couples 

The t a p e  system should lend  i t s e l f  t o  t h e  use  of ex t remely  h i g h  

energy d e n s i t y  e l e c t r o c h e m i c a l  couples  which cannot  now be used i n  

c o n v e n t i o n a l  b a t t e r y  sys tems.  

E .  Programmed Power 

With t h e  t a p e  concept  i t  should a l s o  be p o s s i b l e  t o  provide  

programmed power systems by u s i n g  v a r i a b l e  speed d r i v e s .  The speed of  

t h e  d r i v e  cou ld  e i t h e r  b e  preprogrammed o r  i t  cou ld  be  c o n t r o l l e d  by 

t h e  load  demand. T h i s  would r e s u l t  i n  h igh  e l e c t r o c h e m i c a l  e f f i c i e n c i e s  

under  v a r y i n g  l o a d s .  

C .  Reserve Systems 

P r e s e n t  r e s e r v e  b a t t e r y  systems a r e  used f o r  high r a t e  and/or h igh  

energy d e n s i t y  c o u p l e s .  A c t i v a t i o n  of these systems i s  g e n e r a l l y  t o t a l  

i n  t h a t  t h e  r e s e r v e  p r o p e r t i e s  a r e  des t royed  and a f i n i t e  she l f  l i f e  

b e g i n s .  With t h e  d r y  t a p e  i t  i s  p o s s i b l e  t o  use  r e s e r v e  couples  by 

a c t i v a t i n g  j u s t  as  much of the  system as i s  needed.  It i s n ' t  necessa ry  

t o  a c t i v a t e  a l l  of t h e  e l ec t rochemica l  c a p a c i t y  a t  once .  
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D .  Secondary Systems 

The t a p e  concept  should a l s o  be a p p l i c a b l e  i n  secondary sys tems.  

The advantage  ga ined  here i s  t h a t  t w o  sets of c u r r e n t  c o l l e c t o r s  

o r  e l e c t r o d e s  can  be  used ..... one of a low a r e a  f o r  d i s c h a r g e  a t  

h igh  c u r r e n t  d e n s i t i e s  and a second s e t  e l sewhere  i n  t h e  system w i t h  

h i g h  a r e a  f o r  low c u r r e n t  d e n s i t y  cha rg ing .  

E .  Cons tan t  Vol tage  Opera t ion  

There i s  a very  good p o s s i b i l i t y  of u s i n g  t h e  d r y  tape concept  

t o  p r o v i d e  a c o n s t a n t  v o l t a g e  d e v i c e  by u s i n g  v a r i a b l e  c o l l e c t o r  

a r e a s .  I n  t h i s  c a s e  w e  would u t i l i z e  a c o n s t a n t  t a p e  speed and t h e  

c u r r e n t  c o l l e c t o r s  would be i n c o r p o r a t e d  on t h e  edge o f  a cam. By 

r o t a t i n g  t h e  cam th rough  a f i x e d  number of deg rees  we could  t h e n  change 

t h e  a r e a  of c o n t a c t  w i t h  t h e  t a p e .  

F .  Thermal Systems 

There i s  no r e a s o n  why thermal  b a t t e r y  systems could  n o t  a l s o  be 

a p p l i e d  to t a p e .  I n  t h i s  c a s e  t h e  system could  be a c t i v a t e d  by i n -  

c o r p o r a t i n g  match composi t ions  w i t h i n  t h e  t a p e  s o  t h a t  a s  i t  e n t e r e d  

t h e  c u r r e n t  c o l l e c t o r s  t h e  f r i c t i o n  would cause  i g n i t i o n ,  t he reby  

m e l t i n g  t h e  s a l t  e l e c t r o l y t e .  It s h o u l d n ' t  be  t o o  d i f f i c u l t  t o  p r e v e n t  

t h e  match f r o m  f l a s h i n g  back a l o n g  the unused t a p e .  
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